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Htse^ tr* ? -> * o cf. ( - ^ + v ^ ;ufflJS £ ^ ft T vi 

t * * v * ©T««»Ji «£ IMufEy- J. © i 00| 10 

-r- h OM^offllotSrfs j. e * ^ -> * ^« OTfflJSBS- 1 
* t suie K n t jWOTE^- h en*v>* 

WE V - * <t C^Uie KM >S**>1» 
S * 7 WE**- h M0 

IMBi * * -> * » ■ »y y 3 >/f * 6 # jk dwb«« * 

^-toT*t, frier- \~mm*m=k-tz,wofct 

™ ? * * " *' ' ; 3 > *>* * * * 2 « 

• ^ 3 >©l»E*2««>_tiiJ:arfl MB 

«iw»*#*ftja-j-4 SPSi:> 

mos ^^^^itfog^ 
[^©fflMfflfcgilJgJ 

[0 0 0 1 ] 



«•««"*■* * Kftnr * iSkA s t tc @g 
•r^o ^*?t 3 {c^(c«x.if^n^, J> 0. 17^ 

^>**#« 56# i -f - #1. S: JH it - t i Tt * u #H-J- 4 > 
[0 0 0 2] 

^ / k m > ©#it# «. ftjsi- ^ o »c * > a a * m » 

**»0. 1 v^i>n>- h;^TT*&CMOS 
v'^ * <D^fi£ *tiOl:*S-c*4, *J|11D«<K* $ it 

[0003] 1 ^omm-Bs&tesn&mis x vm^m± 

14 KM T- li 4 v>i t -c* 4 . * y X oft c 
[0 0 0 4] (delta) MiZ^m^mm^tltz^^ 

^jwaorij^ 0. i7OD>-f^ T0 

^ t > ^ ;n «■ tt * h 7 > y*7 ^ a, 
ii«L^#f.ft^K £ O^axgi? XXf%hfii>m 

OfiU8#tt4Hi^ii, Vt«ilfp^ I651 ^ 

X'hho r-V'ylfr&tfo. 1 70n>- h^JKTT* 
* * *«<0^iD?F*6ft **J£ffc L, i L x. \£ 9 >? -> 
■ ->'J 3>0*#jp< arv»«rfetf, V t 4 L < 

[0 0 0 5] RttSfvcv>*£i:ii, 0 . \-?J y u> 

[0 0 0 6] lWEOMH^C*«iiL *|§H^B3 
[0 0 0 7] 

[BHtWft+ifcjfto^iij:] CMOS h7 

> > ^ ^ ©Mit k h 1- * o w a if *« n « , 

0. l70n^i, WTW ^^ Wjc 
MO S h 7 > v*^ ^ t *it»:fHat*«attK:Hf 

t-(4, «v>jtty- kcmos t y y y z ? mmyimx 



(3) 



4SM¥ 1 1 -2 5 1 4 5 4 
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[0 0 0 8] ^CJ:*), y-hfi^0. l^^^n 
^ - h ^JaTT-fe^fA^ i if S:'*BLft 

Vc c^fiv^^AJitifftyHSfc^ir^yrt^** 
(mid-gap work function)^— h (T i N) <DWz&* K 

WCIi, -V > * ;v 4 J&R Sr LfciS 

fflv>tMt^:H ? tHo ioofjjs*^ 

^ v-y;v * y'j 3>-effi5&LT, (1) v-*/KW 
>frb<D K9>f ~f • * > (drive-in) > (2) t^V- 
X (deglaze)fcJ: 0 $ ti*»»rfi9BMl:K <t ^S^^ 

iz3-\>9 9 v-v;ko4> (3) StttiD^fcffi 

tt07>/*7h (undercut) . Srfi 1 ■? - t \Z X # 
<bft&o S* (2) £ ilfft* (3) J: »K JB*"Y> 

[0 0 0 9] Lfci'oTJtEORBtJ: «9*»Wli, >F 
ho Z-<DY-Y\±, Y— Y<DT<OX-\Z* 2 -y\)VM(0^ 

^ 0 v- < x««i3J:y p K^-f >fi*0-«^, b 
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[ooio] s<bfc#s&9§i±, ^#6»3&*«sinsitfc">y 
n t x e ^ ^ y t ;H t * 1 1 ^ > V? 

10 f^t'^ i/ \ )\sM<0^\Z^^> 5- frW&i o 

[ooii] *?>n*»w«i, 3F*ft** t »ftiSitfc5/y 

*^SP £ fi/:x feT ^y^wy^yf^ xb'^ 

30 Y<D\%fr^&'?tzmWI<DZti<?ti\ l z, v-xffii&te 

ti&o v - ^««* J: If K U >g«0-»*0± I: t 

h*mit®miz£t)v-xffii$tfrbfrm2ti, 

XY- FO*2«»#/^ KBKfc»»fcJ: 0 Kl/-f >^ 

[0 0 12] ^F««4 f »lD8Jifc-> , J 

^fSJP £ Jifcx tf ^ ^ v ^ • y'Jnyft, j- tf ^ ^ 
)vm<n±.\zftj8LZtitzY- Y kiGirZ, Y-Yft 
itftS-a-g-LTv^o Ha> y- hOT^Oxt:^^ 

so v - 7s ^ liS^ffl ox tf ^ ^ v ^ >vm <o ^ i ^ 
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fUtO-gB^tS&.&o 

[0013] *^o±^^§fi<ji±, s^«msao^ 
*tnz±io mm*mm & %m<o > * * -r * ^ 

btfx~%z, c 

[0 0 14] *%W<DZC± > iz$\}nBtfini^ KttmW.M<V 
K lifg (c gfl? § ft * T- & ^, -5 0 

[0 0 15] 2 

pgr**, £ fl? £ t $ ft 

[0 0 16] *»«J4, Ktt©*Wffl (NMOSK^L 30 
TNJB, ^il/PMOSC^LTPf) ni21 (du 
al) ^F^E^SiD-^l:"^ ^ ->-v;v^Sr^|Kt Lt^t5 c 

^®**^<-5-LT«()ffliprt6r-*sv top 

» 3g«© V - ^ / K U > *fls*-J- * c t ^-c # 4 „ 2 
^*fi^iDJ.lf ^^v-v;vstli, NMOS 

-*/KW >««^OS?aS:#4fl5ua3J:o 0 Hl~ 
HI lDIi, *»WKJ:**|M»ft#*ft*+*fl!)»z-a- 

Ift§§£ft.& i -5 ic, *fi>lty- MffiSIDgKBBLT 
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<0 v» < o * off j| f B§3F § ^ ^ 0 

[ooi7] zmzgtvsz&fcmzi-rsiwu *ks 

f>KfiMffl&B£HJ§£;fT7 0 ft^OSPgli, -?-ft-f*ft?>&« 

So HI1 ~EI3 fcJIJ:,, 2 S^jfG&gsfliii fcf * * 

v^;HI©±K, ftv^ty- MR** J: W-^/ k 

W >ffi*:6 f ff^£ft.S 0 #ij •>ij3>J^|ijj| ; i,ij 
• 3 > (Si3N4) <0^f ? ix/;f v>^t y 

tc itmm sj m ^miism zm^xm&-tzz\ttfx 

[0018] h5>-^^fl|3|#:*ftJ!E-r«OU'ttv^ 

tf4MIIg/t5 jt - 9 OTT-jJiIffifcfts i t li 

[0 0 19] H1~H3I±, 2 S^**j6ini e ^ ^ -> 
*;Wi©fmB«:;jxLfcBlT*4o IH Hi, 2t7Mft« 

'J ^>&«3 5 O tfJ tcf^fiE-S ti S o PI->xj^a3 2 
<0±t;Nf^ kf ^ ^ v + • v 'J r; > 3 6 <D® jj*fj=JS $ 

;v • v 'J a > 3 8 0*i*ftJfiSil4 0 
[0 0 2 0] 2 «^tt»j6JDi t> ^ 3 6 * i 

H2A, H2BK^?ftTk>4 B iOjftliifc, 
•9-^ • -f >^y;v-p« >y?±, ^-^.##^T 1-23 

2fi^%^JnjLt> ^ jv g 3 sjsxxfZ 8 
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&3 2#ftj£S*lfcft, :ilt2oOiao-M> L 
PCVD-TEO Smt%0<O£ 9 * 7&Lit® 4 0 

* ^mtVo 4 o #JBIBMb«> 3 4 o-a$:fr<7)±tc 4 t 

[0 0 2 1] N1&ttttb&1mx*V9 9 • v 1 ; n> 

13 6ti. #«BMfci»3 4 tf>±£ y -fm\M4 

;V - y'Jn>|3 6 Iii8#?tfj.x tf * 9 v * J: 0 

fc, HF*JBWciBSfb^v^>^UJ: »K 

±^N^#E*jSSiDJ.fer^^ v^;i/JB 3 6 0±^ftJSS 
n^>o ^t7^»4 2fi, #$E®Hb%3 4<7)^ft < 

10 0 2 2] ^tcEI2 B»C^SftTV^J6 X 9 PftPF 
*E*iSiPXl£^^ v*;WB 3 8**N3^^ J.;i/««3 0 <D 

jB^jfsesiasip^ *f * 9 v * ^ • ->'J3 >s iiS4RM x tr 30 

(Pii:^Lr) ***ic«t f)*o»T^#t»*Jra 
fc«»#fc##*#x.* - £ 4 < N»**E»»ini*tf * 

[0 0 2 3] EI3A-BI3D(i. 2t^»^iDX^^ 
^ v ^ ;H Srf^jfit" & 3 fcBU <0#ffi * ?S L BIT* * 0 

>Jf 3 6**P3K^i^«3 2 kNJK^ J.;vfB«3 0 t 

ffii£3 O^&RiSJi, ^tUCj: *9 Nfl^ 3 0 

0±UPJF^*6%aSSPitr^^v^;v«3 8«r^JSi-& 

[0 0 2 4] 03 hliZffiZtlX^h X 9 Nf^iJV 
ffii*3 0 t PJfc* i;l/»i*3 2 ^^M*0±lc. NftPF 

«»i6JP J- bf ^ ^ v^;Wf 3 6^*r^$ix^o N» 
^MftrSSO-^ fcf * * v -v • v V >« 3 6 liSiffM-*- 
tf*^ y^;i/«:Si:j: GAUSS ft. *Lti^^ so 
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flUp^jttw^-f-oa-casjpsiiio N^*MMKta*-tf 

? ^ v*;l/ • 3 >m 3 6 li. ^3 0 0 t>^*^hn 

K> Btfbft3 7<7)S^|ffil 5 0*>^* hn-AcO 
StS^aapSn^o i3N 4 ^13 9^ iftl 5 

0*>^ h v-^^mZ^t^ZtLZo 139 
KftJSE Sit-f- LtX7f > ^fffrftT > Bl 
3 BK^SftT^£ J: 9 K^fb^rt*Bfc*£ft&o NJK^ 
*6%ifiiP^ ^* 9 9 v * ^ • v y ^ >® 3 6 (D&fcW&it 
Zti, -irtilzX *)W13 C IZTF^tiX^Z) X ■? tw, N®^ 
x;i/fg«3 0O±fflS®^3i"T^ it, NJB^J.^fB« 
3 0OJiONJB>F*fi*«SiP«3 6*^:Mft^o -X 
K^b%^4 l**«lx.lfHFTX7f v^t^^ii: 

TONf ^i^Ha3 0i:it^Jtff^n&o L/^^ 
otNf^x^3 0<7)±t:i^ NJg/F*6»jfiiPJ.Vf 
^ytiH3 6li8^;K i3D^SJ:o *i:NJg 
9x^S*3 0OH:, P J£^*Mfci6iPJ' if ^ ^ v ^ 

. y'J rr>OB3 8«S?n& 0 *i3|fc-fb*0«##& 
1 50t>^fn-i^(7)f ? (H^^ttrv^v^) U 

t-e^jS$ti^>o ^J*W«S1P ^ ^ ^ v-v^ ">'J3 > 

13 6*5^:^3 80±<7)^k^c7)±lPJJSffi^iii" ; 2)i 
T% a<b«?**ffilx.tfH3 P0 4 tfflv^^^i:J: «9S3 

fLTV^ X 9 I', ^JltWaSiPxif ^ ^ v-v^ • n > 
13 6 £5 X If 3 8(^±1B!l*ffi^^K<b%S* f l»*$tL 

^) O 

[0 0 2 5] H/>^Jt*jt#0»*^li. »tt 
fit 3 4 M^JS ^ tlitfa 2 fi^if«i»aSJpji tf ^ 9 v 
t;Vf3 6*^:^3 8**f^JS;$*t&o zvm&it, MM 

fe*^stu -e^^*!>^N®^*e»asip^.tf^^ v-v 

jH3 6isitFPJg^«*i61iP^if v-v;H3 8^ 

[0 0 2 6] ^C(l, 0 4 O^iry- h«iS#5 0 
ffiSKStL^o i4C0Mty- h 5 2 »i> W.iWfo*tz 
|±#'J y'J 3 >6QV>-rti^Tab^Cl t^T^^o HI 5 A 

-eLTE16 A-06 DJ4#U y'J y<OY- Y (DfttfL* 

mL?zm'ffiT-$)2>o ii4 izmztix^z x 9 

^SP $ tLfc^ tf ^ ^ v ^ ;V • v U 3 > Jl 3 6 is J: V 3 8 
<J0±tC, *f)±*»ofcV-^/ KW >Ji 5 4. 5 6 rt* 

13 6cO±H> JPS*«&3 0 0 *>^ 1^d-^«I) 
±* ? o7tN+^V-^/KU->f >1 5 4 **^J& S tL * o 
N^ttWKJpxif** v^;i/ - y'j3>|3 6(i. P 

U>f >JS 5 4 (5, ^F*6ife^iP$^LTV^V^>U rj >o 



(6) 



£BPP 1 1 - 2 5 1 4 5 4 
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BESOT-** ;£ (i^ijffl pJltg-e**^* - Vfttft* J: tr-f 

[0 0 2 7] P«^«ft«SD.xtf** v-V^ • vU 3> 
13 80±i:, J? S#*&3 0 0 h n-A^ffiiJ 

P«T^ftait:>^yt;V • y'J n >Jf 3 8 li. N 

[0028] **y '>V3>ifciiaft»oy- h 5 2 

^<0iPSiif*jjlt$tL&o *°y v'J 3>o^j|ty- h 
5 2 i:M LT> h 5 2 *Sto!j©#tt*&4Mr*-& 

h *«»i-*»*b»#¥tfror- h • 7*^ 

[0 0 2 9] Ja»9±^o7tV-^/ K W >« 5 4 is J: 

4 lifUJB T>Tt&fc*LSIg-C!6fT-*- ^:i:«^ 0 II 

5 A -El 5 C (4. SMfc^ynv (S isN^ TIETNi 

JSli* P»*.x.>HW*3 2<D±<Dr- Ff*#i:ULt 

6 OJlK. y KSMKMf 5 8 is J: tfSfbftlJf 6 2 
JffiSix&o KBHb*BWB 5 8 Off £(3j&5 0 * 
hn-At*»}, fltfv^ty- h##16 2 Off 
£ lift 2 0 0 0 *>^:* Fn-At^^o ^CK, 21SO 
15 8 is J: 1^6 2#/** — VfcffcjSStU f LTNfx 
}£? 9 *s\)Vm 3 6 <V±®mWT~W±ir2> X 1 \zrfyX 

KBtfbWW 5 8 fc N KBMbftJf 5 8 <D_tOglb 

my- \ *m» 6 2t<o, r-v mmm&fo 6 4 #fft« 

•y h (blanket) SrftStL-fLT ^ Xv • /7 > ^*y h 

*K S i 02OJ:-5«:»^b*«»^^--9-»jt#6 6*« 
MSWo :oxyf>^ • ;<*y *&pgli. NJB^tt 
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&o i5B^i:o »fb»fflK*^--9-6 6liffi9±A* 

+ WU^o/:V»^/Kl/^ Vffi*6 8^\ Jf5 
5 C ^ <t o 

[0 0 3 0] @6 A-E6 D(4> sKU v y 3 XOffiHf 
ty- Hllji#Oftjai«:|ttWLfcBlT**o -or-h 

- y'J rz>3 60±l:> K»<bft« 7 0 

is J: (fftv^ty- h 7 2 y v y 3 V) 
20 ^^n^o K»ft»»7 0c7)Ji:$t4^7 0*>^* 

»2 0 0 0t>^hn-At s *i o ^:^> #y y'J ^ 

7 0O±ffi!I^B"C#ib-r^7 p vX-7 . (» 
SL<(i^^Wtc) ftfrti&o @6A^i:o ^Ctcgl 6 

^-tiM7 4«S$^c Mft^^-f 7 4 
S 7 0O±T^lh*t^ 0 y*7t • 7 4 -fr K ■ Xyfy 

^^E^f^in^- H> ^ v ^ ;i/ • v y n >Ji 3 6 <E>±is «t LK 
^^-t7 4 0T0^7 KB^fbW**Bft*Sfi-6**, 

40 COTK. -KO^i (notch) 7 6*^JffiS*t*o BI6 C* 
V? ^ ^ v ir ;v - v y u >m 3 6 Sri 7 f - > £ C: t (4 

;vf|J*O±4?>tfP+Jgc0) flE»)±3ft*ofcV--X/KU' 
Oi7 8«?^o B6D«:lJ:o :^)V-V 
50 Ku>f vftJftoJHH*^, #y vy n > 7 2<^)±ffliJSH 



(7) 



ftffiW- 1 1 -2 5 1 4 5 4 
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ttfotzV-X/VlsJ >m<D&j% (toe) ft S 

Sitf5*8 0l4. fli7 4l:Sli!nt*%% 

[0 0 3 1 ] #CK, M4(Oy- his 41/ V-*/ K W 
>fit^>ft5 0 14, ^LTmlfS^IIIB^i^Eie-Cgi?^^ io 
ti/cMSXfltci: ^J&£ft&I$. HI 7 AK/j^ftTv* 
£4 d KTffllbSti&o Jf> LPCVD-TEOSO 
4 ^ ^^t%/^ 8 2^a*^tLT, (liX^-t 7 4 
W9^^7 6> #4UMfflil*^--^^±^o 

^rco^^JK^^^o *I^£*§^i;:i4, Stfb^Ji 

8 2 14&2 0 0 0 *yy* h n- A^f^:iT*itf ^ 

«fftW«IS:|5gt;:4 *K ^^Btt^ia^^tL^o 
ffi-fbtt, h#Wf 7 2 (U^2ftTv>£ 20 

v^) <7)±fflSffiT^jli-r^o fcl4^lJ/B^r 
a (h y >f-;l'7fcKfbT>*-*A + (CH 3 ) 3 N C 
H2CH2 0H-OH-) i-fflv^Cfcfftio 
[0 0 3 2] fv^ty- h 7 2ri** ei J y'J n^T** 

©72 (0Ti:*o/:^7 KS<fcftt8fflt-6o Ay -K» 
<b%7 0 14 h 4 OflS8MS*»JKU -eLTfflit 

[0 0 3 3] l^jity- h&ms<06 2<o±n \zmt 

¥±s<bt1fiv^rr- h 6 2 0Riti» 

SMt»r- htf&ms 2^*i:j: ^^n* h u> 
n^>o h v>f 8 8ofli^t»T*^fc^^ aib 

»flOS^^-*8 6li^H-C*&o Sfb^fflU*^-^ 
8 6 14, feXirt>ti2>s*v KSfflf/l^-^IIS 
i:»LT8ffiSft5o S4bt>«*^-^8 6 14, 

[0 0 3 4 ] N+^V-*/ KW >«*3 6 
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&«i6#* *rr*ftKttffli-*4aaxe 

[0 0 3 5] i8A"-@8Cii> ¥- hmtmSXlFW 

tr^BI-f *«it#**LfcH"e*-6 0 H8AI4. Ay K 
Btf k» ^ U - -* Jllli OM7A <0 O H "C 
CIClT-fi, Ay KBMfc»7 0l45££:KI&irSfiT 

i/-xsBii, hBtfbftoj&gotfro^Bfl^i: l 

[0036] a? YmtfyTy\s-xwLm<o'&> y- h 

2^R»^4feli^Jffl^ffi4**^it**it-€-LTA^ 

#'Jy'ja> • h 7 2 £ Bfc**t" £ £ K J: ^ 

^>o H8 B«rB<to 7Xy\Wr- h##9 2 14, #y y'J 
nv. S ^:J4T i N/WSfcli*^ y'J ^ >/T 

i N/Wco J: ^ 3fc#»0*tfl-08tii#"C*>*^ fc#"CS 
ho 7%tK&}Y- 2 l±, SftHi. fS^ftl 00 

0t>^fn-A- 2 0 0 0 t>^ FD-A^ff 

hmizYtj&ZtiZo h#fl.9 2 tc^t 

IT, 7*H/y^fT4oT^^-yi:M*^ ^ 

^9 2 i4 h l/yf 8 4 Sr«^^*L, f LTli^ 
^—9-7 445J:WAy KBMfctt7 0 tSttH, «€■ ITT. 

o?:5c*i-^o *>vrp)o^o^§ 9 o*^«-r^c^tc 

<t^> y-hMl^^-t7 4<7)T^I*t:J'CM 
U#oT, N+Jgv-*/KW >Jf fci:: 
giSt^o afilOi^l4flJfflPlt6*^vy-> (Damasc 

14. 0. 1 -*>f ^ n ^ - h ;u^v^ ^ - h jv 

[0 0 3 7] 7%^^- Ym&fo9 4^ ? h U>*<D*p\Z 

h 7 >y^^®^9 6 i3 «fc ^9 8 * f ^ffi 



(8) «BBT 1 1 -2 5 1 4 5 4 
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S*i*o ttSt^ K9-f r • -f N 2 

iU^/:V-^/ KU-Y 7 8 K J: »K NJg 

H8 Coa£flloy-^«i*OlHlOft-fr9 6 14. KS 

#9, *LTV-^W9 6 tr- h 9 2 tOHi:lft 
U*S*1 0 0**»Jft**t4 o W**-^ 08 C<7)tlO K 
W>»*©idMl*0»tt9 8WU KBMM&7 0 
OTOfegis <£U^- h 9 2 WfifJ -ej£**^K 
Lry- h 9 2 t KM > t Officii 02i* 

9 6 , 9 8 0*#J4'^1* LtffiAT^fllfttO'rii* 

Ji3 6*4, v tm&&&z o kkm-sju * 

10038] 13 9 A is £1/13 9 B 14, 7Xy\6^- 
<7*- h tV-^/KM >K*#fflfcSM*1-*£ ta*nT 

y > /ig t tz lite* j. ? ^ y yxm * m ^ x m& 
zti&o h v>f-8 4<Dmu^&^xm&&i\M\ 0 6 

(7)iSWt)ii^c ttttlft* 1 0 6 0j£fiOIK. NSJ 

K£*i£o 0 9 A^ftio «tttBMtttl 0 6 OSS W 
t>tiZ>9m3M\±. (£«02 #H&#*0*-Cft8 5 0 

[0 0 3 9] D9 BtC^SftTV** J: n \Z^ WjctfBtfb 

*m^x. mmmwhi o 6#i&*$*l*o «t&HKk* 

1 0 6 £ Bfc*-j- & £ t K J: *K hV>^8 4 0JSSBH 

(N3B^#t*i6lpj»v?^^ v-v;vS 3 6 »io 

4 **fEJ* $ *i & o *1 0 4 14. W£±SEfcR|fi]Lrt:fll 
Ml 0 8 t*lt±fc*¥KEftLfcJBc«*ffil 10^ 

£n& 0 StttBMbft l 0 6©»*»:l !)fl£JSSiifc8U 
0 4 tf!)-+ttUl£Cr, ill o 8#fl**^-*»jfi# 

- h BtffcftJB 1 1 4 1 04O*i:20t>^fn 
-A- 2 0 0 tv^fn-^ oJf "CjSfi 2 ti 
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& o 

[0 0 4 0] Vmtmi 1 4^S?fL7t^, 9i3L 
\m 8CHL TtfUETKS S *ifc*t»4> J: 7 4*A»^ 
1 6T\ M/>f846J:D p »104i^* 
£;fi&o 1 6J±y- b»^k»l 1 4 0ii: 

ESStU -^LTi 1 0 4 0$£*IfiGKEmLfc«Sl 
0 8 SrMSU ^LT$J*9#;£ 1 1 2 tSAi:*«t 
El 8 A-0 8 CUBLTtJE-CRWLfcJ: 3 

io LTJ-7^>^^ft>ti^ 0 3fcl4-?-*Ltl4*«:ot\ 

m-i^Ho 7* A 69**- h 1 1 614, HJtflSi: 
II^MI 0 8£ii LT (**- hBMbttl 14^11 
Ti3J;^«l 0 4 01PJM1 0 8 ^ILt) , -t ITNf 

«78Jt> N®^*fii»^aSlD * tt/c^ e ^ ^ v ;v • 
y'J 3>|36 ^gt^o • ^ >li'Mtlii 

20 v^ 0 il 0 4 0HRWC£E4flJS 1 0 8 SriiLTlRl^ 

»<btt, U:t5 s oT, ffilx-lfy- < 
AJStnUl^M^'-t ^> > * J: Ify- h $ < 4 « t * 

^■9--/ . Xl/^ya-JVF' * -f > V (sub-threshold 
swing) <D'£it t^otz, ffi^ -TT > * $ *l 

^5 o 

[0 0 4 l ] (K^ii^Stti^f y^lcJ;^) §15 
30 55-69^*60^^^^ NJK J. tf ^ ^ v -V Jl/ • U n > 3 6 
^\ V t P*Ofc*t»W-**t-6o Sll 0 4 14. 
^118 t V-^/Kl/>f >WA1 8 to 

asini^iMfcojMktt, mjfs<7>n8 A~~msc\zmLxn 

StL^J-tT * ? • v 1 ; n > 3 frtV-V Kl/>f 

***OW*43g4R**»c>tL&o »1 0 4*rffo0t-r*O 
40 ti^v^n-&^oK<tSKf* s JSHtftoT, N+»v 

[0 0 4 2] gi 1 0 A&XZ/m 1 0 B14, 77cy\69^- h 

jw» * n + m v - * / k u -f y Km#t z>m3<om 

K-fkft 70i3J; W-WrfrOSfcaBMbtt 8 2 $ ti, 
*tilzX*)mi OAlZTfiZfiX^&Xilz^ M/>f 8 
4 Ofi»ON3B>F*e»aSlrax tr * * v * 3 6 0±fiij 
so iI«ai^tL> i3J:011^^-t7 4(7)Tt:S^ 
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-fJgV-*/ K W >Jf 7 8 <7)^5O^5<7)60— SB^l 2 2 

[0 0 4 3] •HiSft*:N»^#B»i6in^^*^'>-vA' 
. yijn >Jf 3 6 O±fl0SHO±is J: tfifij^v^v^ffi 19 

±i« o /: V - ^ / K 1/ >f 7 8 Ofift L fcffliOg a 

LtzUfrl 2 2 0ii:, MftUl 2 2jWfo«* 

*t& 0 hBMb»* 1 2 4 <£>ff £t*£>2 o*>y* h 
mmm 1 2 4 fexitrnztizr- vum 2 6 10 

1 2 6rt*i£#S*i&o hti-ftl 2 6l±> fljg 

*^~^7 4 (DTKftJ&ZtLtzty 1 2 0£^£>T 

M/>f 84 Sr^^rtc^-t-^o ^^gj 1 0 B iz^^tt 
TV** J:-9fc. 7* AW**- 2 6 sMHTE-CRE S 

fifcj: 3 i:/^ - > ^ tif L t x 7 f > ^ 

#12 6 13\ ft*V^?*$ Ji^ofcV-*/ Fl/^f > 
178 0«»L*H±Stt4ft»l 2 2 0±Kjffig$*L 20 
^-hK^12 4t«ftlst^o LtztfoXZ-<Dm& 
m*> M 2 6 t Kl/>f >toffli:14 5 *mj&1- 
Z>o - NM^EtiigJDx e ^ ^ y ^ ji/ • v 'J n 

? ^ • ->y n >Jf 3 6 li V-* / K W ><7)i£i7i 

[0 0 4 4] mjfSO*J&WI(±^»9±^o^V-^/ Kl/ 

o/:V-X/ Kl/-f >Jf 7 8 liiftK-efc^Jhlt'Cte* 30 
v> 0 Hll A-H 1 1DI4> TXAft**- h*tfl-l 304- 
N+^V-^/Kl/>fVi«l 3 2, 1 3 4 t:«St4 

LTj&aieiiHl OAfeilfBll OBrPIL/:®! 

IfiiBSl-CiSo HI 1 fiffc»fl»*'*---9- 
3 8 ^CM^/:fV^t^'Jy'j3> • 

Mffcgtei 3 eumztir^&o ztihte-t^T 

Btffc4»J8 1 4 0 ti. N3g>FttW*«j8JBI**ifcitr* * > 40 
- yij n > l 4 2 <DJiO±i::Kfi£ ft&o NJB>P#B 

Pi^x;i/ i 4 4 ^)±tcBBfi^ix&o V-^/Kl/>f > 
««1 3 2, 1 3 4l*&\&miz£V)ft]&2tl, 

N it 4 o m*v^ofcy-x/Ki/>f 

> 1 3 2 > 13 4 t^^>^;v 1 4 6 i:<Og^(±. IpI^ 
v^ofcfflg;*^--* 1 3 8(OTi:4W5i:«^ 

[0045] HI IB l±, gfcJfcBMttt 1 4 8 *TK 0 #«t 
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icoi^*HJ: »5> H/>f- 1 5 0rt*f&S*it&o M/> 

1 5 o (Dum^&it^onm^^-^ 1 3 stm^ 

*U *LX hU>T 1 5 OO^SSISJi^y KBMMMI 1 4 

[0 0 4 6] 5felCr'^ r V-XSFt^i3V>T. KKtffc 
ftiil4 0 *«N^«Wi6SP J. * i7 v * ;i/ • v V n > 
JB 1 4 2 O^ffiKilf &4-CBfe*S*i. f LTi/:fll 

^^-■9- 1 3 8 <r>— Ufr<o-rfrb i>ffi£Ztix, 

^-*f- 1 3 8<OTlZty*) / K£ 1 5 2 ^ffrK; 
®»9yv£l3\ M^vf- 1 5 0O— ^ffltcisv^TV-^ 1 
3 2 fcfir>^^ 1 4 6 i:Of| \Zi>$$L Z fi ^ t> tz 
otEtf^ ^^r/ h 1 5 0O«f]i:i3V^ K 

V-T y l 3 4 i:^*V>^;v 14 6 b(Df^\zi^WL^fitz^ 

fti^iD>x t'^yt;w V U n >S 1 4 2 <7)_tHKDS r 
JtWotl^o [HI lC^Eio -jfcC N+»V- 
AW&l 3 2 OgB^l 5 4*J:0 p N+«KV'>f 1 
3 4(7)S|S^1 5 6**SmS*L&o ^Ctw, ff***«s?j2 0^" 

h d-a - i o o v xj-A(oy- h&ik 

mm 1 5 8 N^^^JJD^ kf ^ ^7 > * ;V . y'J n 

>S 1 4 2 <0«ffiSiX7t^M<o±tzf^ffi$ tLio 
[0 0 4 7] HI 1 D^TK^tLTV^ J: 9 Plx.tft 

i ^ ftiAfiJ^ fMi 6 o*«zt**tLT, ^0^^§ 

1 5 2 £^tr 1 5 0 ^*SfL4 0 77cAW->*- 

h*t«-l 6 0^\ »ffi**Lfc|Rl3^V^ofcV-X»»l 

\zWM^fiX^hY- YmYM 1 5 8 to±Hj[£a*oTv> 

4o ^ti J ?ti<Di%£*mz>J- J r^ *)i> 1 4 6com^o± 

t-x* ^ 1- - xgffi o»3 n * n ta $ ft £ n j&>F»»«ijn 

a:tr^ ^ . yij3>|l 4 2 h U 

#16 0 b V-^fSitl 3 2 fctf)IBfc£1* 4fii »9 1 5 
4t, h*t#l 6 0 t K W >Wl 3 4 i^Kt: 
^T^>fi^ •? 1 5 6 t0^ft"C*4o 

[0048] z<Dmme>m*i*, &kwxmo3A 

<. f Lt*«t:»$flSit*^l tx$>h 0 NMOSh 

7>i?A*<Dmmtz&^xm\<^x («^»x.) h 

ZtltzY- hft^l 0 0 nrntlT^I^ h NMO S 
h =y >yX^ (Sub-lOOnm Gate Length Metal Gate NMO 
S Transistors Fabricated by a Replacement Gate Pro 
cess) J> IE DM 97-821. 0-7803-41 
0 0- 7/9 7 c IEEE, UKI^ S flX C (7)jt 

WO-if&t Ltftft TAJ tLtM^^Ltv^o 
[ 0 0 4 9] *«Wa*«5S**lfcStlfc«*:#flRLTlttW 



(10) 



teffiW- 1 1 -2 5 1 4 5 4 
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o- »t g m% \z a , m * » *i **fe^u * a * k as l t 

[0 0 5 0] Ja±OKW^«LTMtjaT©a*:W*+ 

( i ) 7p*t*3i*j8in * ft* > v a >** t . mmu 

* * v -v ;u • v 'J n yJf i: . Air IB i fc" * * > -v <v± 

;l/JBOT1Hffi4^J3 J: tfjtBy- h O 1 ooflO y y r? > 
V-*«**»J*U 43 <fc TffflWH'y— h <Dfc 
H<om<0 mflB j. tf * * v * OTIS t^tc F W 20 

B^*>*A'«*fc«]l*L-Cv**, Jf 2;, t»Ev--X« 
#0— «#45 -t ^tufS KW t 9 * 

[0 0 5 1 ] (2) giaEfOh^^y^^iM 
- b flfrE**- h iimjffi^t: ^ ^ y^ • y y n >g 

&* f «nav--x««oiwe»5a h o 1 01:14 ^^fris 

» X £ <0 4" K JSS 8 tiis J: irfflrBSJ 9 * § * ft* L . 
[0 0 5 2] (3) IS2JlfE«0 h 5>y**fllii# 40 
[0 0 5 3] (4) >a6**ffl*1-4«»i:. 

frisv 1 ; ^ >**o±*^#ft»3S'asiDSitfcj.vf * * y 

^SD^t: * ^ - y'J n >gco±tc^- hBKfcttltf) 
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•M^^— 9-*:ft*-r*SB2:, 1MB * * * * * * • 
y'J n >Ji^?>45 j:yf«fEfflK^^— 9-OT*t, strfS 

y'J 3>^ifSiliO±i:, JifcT^^y-v;!/ • vV n 
. y'J 3 >OffB»2Jf<0±45 J: VffirBy- h 0± 

tt^^b>^y-v;b • y'J n>OfrE*lJiS:»ffl"f 4 



EEISBOIpI^v 



pg^. ^jKW#«SiDSftfcJ.^*^->^^ • y'J n >(7) 
ffTEft 1 m IZHSL *) #lt S 45 J: tr*Blft*v^o 

h#»*«rEC3»o + *wit#i-*S» 

fc, MOSf7>y^^iMOI!Mo 

[0054] (5) ^Jttft^ieinisttfcvy 

^> WEWKOitcf^tftSftliicr-tw^uai^jgftfe 
•y'J^vi^ lufB?Sc7)±^mifB^e 0 ^^ y 

+ »w«rE**r i &*i--&«f--V>*^ffii**5fe»*. h 
MBy- hOf^^v^^M1H0<OB}fS^tf^^y-v;i/ 

tfKl/>f>Mt»«U «rEV--X«*0«S^4:«rE 
Kl/^f >®ttoSB^i:**frB^- hOf^^v^^Mflt: 
45v»r«TE'f"V>*^fiW*i«)»L"Cv^, gi:. |JB 

v - * «#i3 -t rfnm KH t 

^>y^^«^# 0 
[0 0 5 5] (6) «5aEf©h7>y^^tiS# 

«5t*i:> ffiE^^--9-««#0^0*Otf!>T^J5JtS 
a**|fi]C«ftS*t3t:*D0*:*i:, mrlE^O ^ ^§ O + tc 

- h mriB^- h ^mffE^h 0 ^ ^y • y 'J n >Jf 

mt, S:StLl:#U 45 J: VUE**- h Oi»E»»0 1 
oo«ffi»-*o|tEffl ^lot CfiS ? n45 J: £f- 

jj<DMmj]*)X£ ^?c*l. 45 i m»Ey- > ©1WE« 

trflft*offlrE«Jf3^S*3tai-*, mrfEb^vy^^* 

[0 0 5 6] (7) y'Jn>$fS^Mt^gr«^ 

itfEv y ^ >*«o±^#t***assns ftfcx e ^ ^ > 



(11) 



1 1 - 2 5 1 4 5 4 
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flW**-**ffcrt1-*IM»i:* WE * * * * * * • 
y'J rj>S^fc^^lEfliJa^-^--9-OT*^> ttrffi 
hBMb* 4rBft*i- &SP££. ^b'* * y • y 'J 
3 volutes lJfoiicifc 0 *^ y*;i/ • ->y 

y'J 3>OfHa*2fli^>±45J:CfttE**- hO±HJBM 

Jfc-cy- h*Bfe*1-&K»i:, tME* 1 i * * * * * 
■ y^>ifi^Iffit^/:*!)^ 1!rE><? KBMfc** 
lift*-*- «E*Uif^i^>^^ • y'J n>* 

gajftfe^lie^^y-v;]/ • y'J ^ySSlot 

*>-v;v • y'J 3 y^JB^^KlMfttt&fca&U. 
43 1 tfmrf£[p]^v^o r«*[6] $ fitzW *)X£<D 

PSt, Zm-fZ, M0SF7>y^^lil#OiMc 
[0 0 5 7] (8) ^ttW^iDSn^^'^^S 

SnSitfcifcf* * y*;i/ • y'J 3>«fc % WE J. If ^ * 
y^;WI<D±tcfEi££*L, 43J:tf*OTOffirE.xfcf** 

E^- hOlfij*v^^ MfllOttE^^ ^^y^^lOi 
KfJEr- h*fe.»»8ixTf^JSS*t. 4s <fc {/iS^- 

U iiDTKEv-^W^tiE 
i5V^TfrE^-V>^^ISi*i:^ft*trv/^, ft, mTE 

xe^ytMi thte**- h e t o hoikex *r * * 

yt;Holi:M^^ 43 jLtfifctJEv-****) 

fc ttE K U * > t 0± KfMi 2 n 

fc, h Btfbtt* J: > iE^v KBMbWiKi *?UE 
v-^««*fe»«SiifcflirEr- Kof&lSB^i, AT 

fc«E*'-fO*2»»t, 45ilT|tE**-h 
Ol»E» 1 a^WEv-^Wo-Sli^iilft 0 , 43 
J: vmtir- h OffiE* 2 »a-#«E K U-f 
SBt}£S&£. MOS h7>^^^«it#o 
[0 0 5 8] (9) fS83SE«Oh7>^^^»iS# 
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Mft ^ *us «t oTHrEia 

[0 0 5 9] (10) vU 3>*«*ffl*i-*aHf 

9 y • y'J n>co^ l 9 fcEBf ^SPS fc . fE^F 
*B^iD^tf i/*)\> • y'j3>i^±i:^7 KKfl: 
»<7>Jf £KM-f &l3:P£i, flfE'** KBMb»«>±K«MI 

y • v'J n 43 J: tfltJEffl^x^-^OT^ 

fe. ftE'<* KMfb»*Bfc*1-*«:Hri:* flME^tf** 
y*;v • y'J n yomFE^ 1 JBOJiK-xt? * * > -v^ • 
y 'J n>OfiiJ±#ofc*2S4:ftfiEi- h&mt, itf 
^ ^ y -v ;v • y 'J n >o!tjf££g 2 JfO±i3 J: OlE^- 

*&T»EKm** pa»s:ft«-r*fc«> 

tz, «fE«v^»ry- h«rBft*i-&SHfi:. iE§l^ 
20 tf^^y^;V • y'J 3 >^«S:»ttli--6fcJ6H*«t r/J. 
If^y^V-y^ >OffE»2 WO»^«:»ttii"^ 

/c^tc. »E^<^ KBe<b»«r»*-r*SBt. tWE* 1 
jl tf ^ ^ v ^ ;v • v ij n y ^^tS® 0±45 J: J- tf ^ ^ y 

*>)v . v ij =j><offirE*2JBo»m*n^a^±^, 

ttE* 1 * * * -> * 
;l/ • y'J 3>aE3RJi43 J: VitT^^v -V^ • y'J 3X7) 

y^^ffii^O^atfto 

30 [0060] (id KnmwsKD^^mmu s tt 

^y^^y'Jn>36> 3 8^fflv^t, CMOSh 
7>y^^O*lcaii^S*M^^n, r yj. %#36 f W 

40 . v U 3 yjf 3 6^ 38t, h 7 > y ^ 9 

»a#*rft*Ltv^o x^?'>t)l/i 3 6, 3 80 
±IC> y-f5 2#f¥jftS*t&o h 5 2 li, ^~ h 
5 2 (7)T60^-tf * 9 y ^;v® 3 6. 3 8 GO^K*?-^ 
;VfI^4"^^^>o y-f 5 2<7)fS]M^^iI(7)xt:^ 
^ y * ;V • y 'J 3 >m 3 6 , 3 8 <D±iZ > 178 *M^JK 
^fL>&o m 7 8 (i, h 5 2*^a^KjH»lBI$ix 

imi] *«Wt:J:4 2*>F#t*aSiDitf^^'>-v^ • 
50 y «j3y| (N»^*6»iSinJ.tf ^ ^ y • v ] J =*> 



•J 



(12) 



ftmW- 1 1 - 2 5 1 4 5 4 
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[0 2] at*0±^2a^|ft»j6^tf^^y-v^/ ■ v 

[B 3 ] *«0±tc 2 MKimamtox- ^9 ? v * >U ■ v 
oT, AI*30#3<S>l£FgO0. BtiAO^coSPSOBI, C 

[H4] C^o TM ^ fL/:g5*63 f 7 > ^ 

<ommmm<, 

[05] «v^ra<b»^- h#«.«rfflv»/cBI4 

fflt^ot, AlifcJJKoeKrOEU BtiAO^CO^pg 
OS, CliBO^OigpgCQgJo 

L/cfltBfffiBI'Cabor, A^«DM8OgPgrO0, BliAO 
*©SB<OS, CliBO&OgRrOEU DI±CO#:<9K 

[07] a-ftttifciisKy^y * ><D&^&x%m<Dm 

0, B liAO^<7)S:PgO0o 
[08] «v^t#'J:>y3> • hrt*Bfc*S;ftrt:|ft * 



10 



20 
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t/7Lfc*iM"C*ot, Aii^O&i^cogk Bli 

ac>&<0ISK<obu CttB<o^<ografOHo 

[0 9] *v*»T#y 5/U 3> • Y- h#»*Sitfc|k 

tSLfc«BfIHt*ot, Ali4D$tf)gK<aeU Bli 
A<D#O|£|5gr<7)0 o 

[010] «^»r#y y'J n> • h#|»*Sitfc 
[01 1] h y y*JZ,9<DYtmz#\<*X& U^o/:V 

or, hmj)m<Dwa%<Dm, B\±A<o^WLV&<om, c 

3 6, 3 8 KWfSI^Wft «JI1 $ n/:x ^ ^ ^ 

52. 72. 92 h 

5 4 , 5 6 V — 7s/ Kl"f > 

6 6, 7 4 

7 8 
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